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CLLMATE CHANGE AND ITS IMPLICATIONS FOR 
THE TERRESTRIAL VERTEBRATE l-AUNA 

by Philip Sioit 
Summary 

Shu i. P. (1994) t'limaie change and its implications lor the terrestrial vertebrate lamta (1994). traits, ti Sac. 
.V Ansi. 118(1), 59-68. 31 May, 1994. 

A limited number of Studies <>t the biology of a variety of species of terrestrial vertebrates is used to speculate 
.sU'iut then' responses to climate change ax predicted by global circulation models Dramatic changes in die distribution 
and abundance of animals in Australia that has already occurred consequent to European settlement is noted 
Npeeultmon about the impact of climate change on the relative abundance of mammals and reptiles, range changes 
of kangaa'os, rabbits m ai id areas, food security of the Spinifcx Hopping Mouse, competition between two species 
of skint/,, and disease transmission is included. Nest-site selection by tortoises and social structure of foxes are 
given as two examples where behavioural plasticity demonstrates some capacity to cope in situ with the effects 
of climate change, but (lie ability id most terrestrial vertebrates to track rapid climate change uetosx different 
substrates ts questioned. Reservations arc expressed about the knowledge bn sc upon which the speculations ate 
based, for vvty few species is a srnie of studies available to compare detailed data tut distribution and abundance 
with clt mare over a wide geographical Tange, backed up with biological information sufficient to explain the 
mechanisms by which the species interact with their environments. 

KEY WORDS: Climate change. nmiiuuaJv reptiles, Tcstudinex. abundance, distribution, tainlall, diought, disease, 
Motropus I’iffuriitM, Marn/pus fuligmasiis, Orvcfri/ujyW cwiicw/f« 



Introduction 

Some 6000 years ago. within the span of 100 years, 
the vegetation at Cold Water Cave. Iowa, changed from 
forest to prairie (Dorale cl til. 1992). The changes were 
associated with a temperature rise of c 3°C, and with 
such a complete change in vegetation structure must 
have come a profound change in the vertebrate launa 
of the locality. It may be. during the next century, lhal 
similar dramatic changes in biota will rcxuli Irom an 
ani hropogen leal ly-cnhaiiccd “greenhouse'' effect The 
terrestrial vertebrate launa of Australia has already 
undergone profound changes as a consequence of 
European scttlcmenl (Reeher & Lirn 1990); climate 
change would compound the impacts of introduced 
competitors and predators, destruction and 
fragmentation of habitat, altered fire regimes, hunting, 
and diseases. 

Realistic predictions about the impact of donate 
change on the distribution and abundance of terrestrial 
vertebrate species require a Inundation of Information 
from several sources. Essential are detailed forecasts 
I tom climatologists; predictions about changes in the 
distribution, composition, and productivity of plant 
communities and other elements of food webs, and 
detailed information about the present distribution, 
abundance, physiology, and ecology of vertebrates The 
temporal scale of possible changes should also be 
considered. 
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The sentiments expressed in this paper arc 
complementary to those expressed in essays by Arnold 
(1988). Busby (1988), Graetz (1988), Main (1988), and 
Fossmgham (1993). The paper augments previous 
contributions hy exploring some examples of the 
mechanisms hy which climate change might affed 
vertebrates It is a speculative paper; ihe scenarios arc 
presented with the intent of illustrating the level of 
complexity, rather than making confident predictions 
about the outcome. The predictions are weakened 
because a single study of a local population over a short 
period of time is not necessarily representative of the 
biology of a species during all seasons and over the 
whole of its range (sec Kemper cr ai 1987), and the 
range and habitat of a species as observed to date do 
not necessarily represent accurately ihe realised 
environmental rnchc of the species, tior this in (urn its 
fundamental niche (Hossingham 1993). In addition, the 
predictions of global climate models ate not considered 
to be reliable at the regional level (Gordon cl til. 1992) 
As the number oflogical steps increases, so die ctrors 
are summed. 

The paper reviews those climatic predictions of 
particular importance to animals, uses some examples 
to explore the mechanisms by which climate change 
might affect terrestrial vertebrates, then examines the 
capacity of animals to cope with the predicted changes. 

Predicted climate changes 

Evidence from climate models indicates that 
emissions of •giecnhouso" gases info the atmosphere 
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will cause global warming of 0.3 {range 0. 2-0.5 ) °C 
per decade. and associated changes in patlerns of 
precipitation (Houghton et nl. 1992). Whilst the general 
predictions of the models arc broadly accepted, the 
issue is complicated by the lack nl clear observational 
evidence of changes attn datable with certainty to an 
enhanced "greenhouse" cl ll-cl On examining records 
of miTeoroingicjl observations, Nicholls 3v Litvery 
I.1W2) were turl able to identify any dear trends in 
rainfall ut reliable meteorological stations in South 
Australia up until 1988. Although Burtow's <& Staples 
( 1 'Ail) note a warming trend in South Australia since 
W5il, they cautioned that the trend was “Close lo the 
bounds of past experience”. Models are not consistent 
in their predict ions of seasonal changes in temperature 
patterns lor South Australia (see Boer ft nl. 1002 ; Gates 
ft nl. 1002); al ihc present state of refinement of the 
general circulation models such uncertainties in liming, 
magnitude and regional patterns are well recognised 
fHijughum ft nl. 1002 1 . 

Rainfall has a major influence on food supply for 
venehrate species, particularly in arid ureas I luarstna 
rt nl. (1993) predict a global increase in tropical 
disturbances. At present, some of these disturbances 
extend into northern South Australia as tropical- 
extraimpical cloudbands (TbCBs). and as a result 
heavy rain falls on an avetage of nine days per year 
Ikuliiiel 1090), However, the distribution and extent 
of the rainfall is erratic. Gordon rf al. < 1902 1 cautiously 
report the results of simulations which indicate changes 
in daily rainfall intensity across Australia, particularly 
in summer, in the form of increases in the frequency 
of heavy (l2,X-2S.6rnm. r, 31%; >25.6 mm. r. 95%) 
l ain fall day s, an c. 15% decrease in the frequency of 
light I <6.4 ntnn rainfall day's, and a decrease in the 
number of rain days. Whetton et ui, (in pressj review 
the predictions of five glohal circulation models: lour 
predict increasing summer rainfall ewer the whole of 
South Australia (all five predict increasing summer 
rainfall ewer much of the far north), and four predict 
a decrease in winter rainfall over most of South 
Australia 

A weakness of the models is that they do not lake 
into account all major know'll mltuences on climate. The 
V! iVirio Souihem Oscillation (HNSO) phenomenon is 
not coupled with the major global circulation models 
(including the CS1RO0 model) despite its influence on 
variability of rainfall in Australia (Whetton el al. in 
press) KNSO is of particular importance to the 
recruitment of many arid /one species lAusiin & 
Williams 19X8, Gracia el nl. 1088). The influence of 
f.NSO needs in be considered in addition lo chances 
predicted to accompany the enhanced greenhouse effect 
i Walker ft til. 1980) The issue is lUrther complicated 
because F.NSO itself may be affected. If increased 
CO, works to equalise temperatures in the waters of 



the eastern and western Pacific Ocean, ENSO would 
be weakened (Rind 1091) thus tending to reduce 
climatic variability in eastern Australia anil countering 
to some extern the predictions outlined above 

Direct effects 

Direct effects of el myuc on vertebrates should !< 
more readily elucidated than would be the cusc with 
indirect effects. Two examples are presented ol direct 
effects of climate on reptiles. The lirst u> the process 
of temperature-dependent sex determination, arid the 
second is the influence of tctnpciarurc on the 
distribution of textudine.s (turtles and tortoises) Both 
examples dcmoif.it ate that tile knowledge base is 
inadequate even in this more straightforward category. 

Temperature- dependent sex determination 

Temperature-dependent sex determination (TDSD) 
has been demonstrated in many species ol testudincs 
le g Mrosovsky end. J084), crocod Ilians (e g. Webb 
et nl 1083) an agamid (Charnier 1966 vide Bull 1980). 
und a gekkonid (Wagner 1980). Slight ( <2°C) 
departures from pivotal inetibnlion lemperalures may 
result in entirely male or entirely female sexual 
phenotypes, even in some of the species which have 
hetemmorphic sex chromosomes (Servan rt nl 1080) 
Some species have two thresholds, with males resulting 
from intermediate and females from extreme incubation 
temperatures (Ynlemu 1076; Webb & Smith 1084). 
TDSD has been demonstrated to occur in an Australian 
ciocodilian (Webb et al. 19X3), an Australian 
fresh water ''estuarine testudinc (Webb et nl 1986). and 
Australian marine testudincs iLimpus et a! (985). In 
contrast, it does not oecui in several Australian 
freshwater testudincs, including species found in South 
Australia (Georges 1088; Thompson 1088a). 
Preliminary studies suggest that TDSD occurs in at 
least four Australian agtmuds (G. lohnslon pert 
itmim , ). 

The influence ol environmental temperature on sex 
ratios is a mechanism by which climate change can 
directly affect the distribution of reptiles. Species with 
TDSD would be more suweplible to rapid climate 
change than species without TDSD Wehh & Smith 
(1984) noted variation in sex ratios of Crocoddus 
jnluntoni hatchlings in the held and speculated that 
it was due to the interaction hcLwven TDSD and 
geographic differences in mean ait temperatures in 
a warmer climate, the effect might he to skew the sex 
ratio completely, blocking reproduction, and thus 
leading lo the local extinction of the species, Such a 
scenario has been advanced by Pieau 1 1982) as a 
possible reason lot the extinction ol many Mcso/nic 
reptiles 
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DiMrihitlinii of u slu/Untw 

Tesuidincs, which require external sources official 
for metabolic activity, arc limited in IlltitlldinHl 
distubution by temperature However, mean annual 
temperature is far ton crude a measure to predict limits 
lu don (billion. Lenglh ol the growing .season has been 
generally accepted as <i limiling factor, since al the 
latitudinal limits of distribution adults may nol have 
enough tune to accumulate sufficient energy reserves 
(n survive ihe winter (MucCulluch & Secoy 1483). 
Aliernatively. distribution may be limited by the qbi|ny 
of hatchlings to survive overwintering in the nest 
1 Breitenbuch el ill. 148-1: Congdou c’l a I 1487). Obburd 
& Brooks (1487) suggest thui a critical feeler is 
temperature during the maturation of ova, which 
requires the accumulation of heat units over spring 
sufficient tur successful reproduction. [ suggest anulher 
possibility; that distribution is limited by the probability 
of uinbicni temperatures being stil'llc icntly high during 
the nesting season to permit the energy expenditure 
necessary in digging the ncsl chamber, an activity 
recognised as being energetically demanding (Gmydon 
& Galien 1484) 

To predict the effect that climate change would have 
on a species requites (Mailed knowledge both of Hie 
nature of the change in climate and of the mechanisms 
by which climate change would affect a species In 
testudines. wc need In know which o! the above 
hypotheses is acceptable before we know whether to 
examine number of days between threshold 
temperatures, nadir winter temperatures, number of 
spring days above a temperature threshold, or the 
probability of occurrence in spring of spot lemperabucs 
abuse a thtechold. 

Indirect effects 

Effects mediated by olher factors are inherently more 
complex than direct effects. Anempts at predicting 
changes in animal distributions based on detailed 
analyses ol complex mechanisms which include 
consideration ol matters such as physiology, population 
dynamics. interspecific interactions, behavioural 
changes, and mieroltabiuu conditions arc fraught with 
potential tiir error. An alternative is to identify a 
smaller suite of influences which drive Ihe system and 
determine the end result. N’ix (1482) saw climate as 
Ihe major determinant of the distribution of terrestrial 
organisms, and several authois have used various 
climatic indices in explain the diversity and abundance 
ol particular Australian biota. Ol particular value are 
those rare studies which compare derailed data on 
distribution and ahundauce with climate over a wide 
geographical range Boih mechanistic and deterministic 
explorations fallow. 



Hclcihw tibimihlice of mamwatx Mini n'piile* 

Arid Australia already has a more diverse and 
abundant reptile fauna lhan arid areas in North 
America and Africa (Pianfca 1485), In pair Ihe 
diversity and abundance of ihe reptiles is aLirihuled to 
the high variability of rainfall which is a feature ol the 
Australian inland fMortmi & James 1488) Proposed 
changes in dinuue might therefore he expected to lead 
to an increase in the clivcrsily and abundance of reptiles 
relative to mammals. 

Nol all mammals would necessarily be adversely 
affected For ihe large arid areas of Australia nol 
annual productivity and hence the carrying capacity 
expressed as total biomass of vertebrates is related to 
annual rainfall (Burbidge & McKenzie 19891. 
However, the species composition ol ilic total biomass 
is largely determined by the predictability and 
distribution of Ihc rainfall, rather than its amount. 
Patchy rainfall favours birds, bats, and mobile large 
mammals .such as kangaroos (Burbidge &. McKenzie 
1989) which are physically capable of moving long 
distances to environments marie favourable Ivy receni 
heavy rains. Irregular rainfall favours reptiles, which 
have very low field metabolic rates relative to mammals 
(Nagy 1987) and eon survive for long periods without 
food (Morion & James |98Sl. A change in rainfall 
patterns to fewer days with rain, a lower probability 
of light rainfall, and an increase in the frequency of 
heavy rainfall would not have a great impact Oil mobile 
animals, but would favour reptiles over small 
mammals. Small mammalian cellulose-dependent 
herbivores would be particularly disadvantaged; they 
are vulnerable because their energy intake is limned 
by Iheu eut size. This represents a similar proportion 
of the size of the individual js in larger animals, but 
the energy expenditure for mainiai nance of body 
temperature must be relatively higher than for larger 
mammals which have j lower surface area to body 
mass ratio (Morton 1990). I hey are also limited by 
their restricted mobility in ibeir ability to exploit a 
patchy environment; and they are most vulnerable to 
competition from rabbits (Burbidge K McKenzie 1984, 
Morton 1990) 

U could be argued that the balance between the 
diversity of reptilian and mammalian species as al Ihe 
lime of European settlement Was determined in some 
prior, more severe period of aridity (such periods are 
known from preJtislonc nines- sec Singh 19K1), and 
therefore the balance would not be alfecled Ivy a farther 
increase in temperature and in the vat lability of rainfall. 
Further, any mammals w hich mighi have been affected 
are already extinct as a consequence of European 
settlement. The counter argument is that effective 
anility in the future mav be more extreme than in recent 
evolutionary time. Climatic aridity I wherein increased 
evaporation is in excess of increased rainfall) may be 
compounded by "emulated aridity” because of die 
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consequences of the removal of primary productivity 
from the arid system in the Conn of livestock and 
livestock products (Bur fudge & McKcn/ie 1481), and 
the sequestration within the arid system of primary 
productivity and nulricnis in the tissues of livestock 
and rabbits. Thus the resources available to native 
vertebrates would be significantly diminished, 
particularly during the resource "bottlenecks'" ol 
droughts, and in drought refuges (see Morton 1990). 

Range changes oj kangaroos 

The responses of kangaroos can perhaps be predicted 
with a little more confidence than those ol other 
vertebrates. Many studies of kangaroos have been 
undertaken, including thorough studies of their 
distributions (Fig. la) as part of the basis for managing 
populations which are commercially harvested. 

Caughley cf til. (1987) have demonstrated that the 
distribution of three species of kangaroos is, in the 
major pan. determined by climate. Whilst the 
distributions are directly determined by land use and 
the availability of food, water, and shelter, these 
attributes are in turn greatly influenced by climate, The 
distributions of the two grey kangaroos, the Eastern 
Grey Kangaroo (Macropus gigaitieus) and the Western 
Grey Kangaroo (M. fuligitlosus ) , arc closely associated 
with the seasonality of rainfall; they overlap in areas 
of uniform seasonality of rainfall, but M. gigunteus 
occurs in areas where summer rainfall predominates, 
and M. fiiligiriosus occurs in areas where winter rainfall 
predominates. The Eastern Grey tolerates higher 
seasonal temperatures than the Western Grey provided 



that there is summer rainfall. Both require a 
heterogenous habitat with shelter being an important 
component (see Hill 1981. Cannes el id. 1901). The 
distributional data have been used by W r a!ker (1990t 
to develop an integrated modelling and mapping system 
which could be used to predict and map changes in 
distribution consequent to climatic change. Caughley 
ct al. (1987) suggest that climate change in the past 
lias influenced the distribution of tnacropods: it is 
therefore reasonable to use (heir conclusions to predict 
the distributional responses of these three species to 
future climate change. 

If. as predicted (above), the Winter rainfall zone 
contracts to the south and temperatures rise, the 
distribution of the Western Grey Kangaroo would also 
contract to the south (Fig. lb). Perhaps more 
remarkable might be changes to the distribution of the 
Eastern Grey Kangaroo. At present the species occupies 
two small and widely separated areas in South 
Australia. but these are minor projections into tins State 
of a distribution whose western boundary runs along 
or just to the cast of the State's eastern borders 
(Caughley el al. 1984). M. giganlcus could csicmJ a 
considerable distance to the west of its present 
distribution, and hence across the north of South 
Australia |0 occupy suitable habitats in the northern 
part ol the present range rtf M. futiginosus. if certain 
conditions are met They are that summer rain becomes 
more common in northern Soulh Australia, that reliable 
water is provided by increased frequency of heavy 
ram tall and/or livestock water supplies, and dial habitat 
heterogeneity persists m the fact nf climiilt t-hrimu- 
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(a) Present distributions ol grey kangaroos (b) Possible fulurs distributions of grey kangaroos 

(Density > 0,1 per square krh,) 

P'B- ' (,n Present distributions of grey kangaroos, (bt Possible future distributions of grey 1 kanugumos. Adapted from Cairn' 
al. Itwii. CdMighlev & Grigg (1981), Caughley n id. (1983), Caughley i-t at. (1984), .Short - r at (1983). 
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Swwntl ',>/ nibbtn In arid (/mu 

In m ill Australia, (he Lurnpc.tri Rabbit Or\viola$u* 
iiminilm is decreasing ihc probability of survival oi 
small perennial plants during droughts and hav ing a 
profound effect on the recruitment ul sonic spocies, 
mm i idem m unie to eliminate them from the kirabcape 
( Lange A Graham 1483- Cooke 1987) The response 
of iliv rabbit tocllflltili' change is therefore of paruculai 
importance 

Historical records show ihal rabbits in anil arcus have 
been severely reduced ul numbers during pnsi drought* 
(Griffin A Prietlfl WH3 1 anil may. under draught 
conditions, heconie extinct over targe areas i.Mvcrs A 
Parker 1975). kecrtiilrncnt is rrosi unlikely under 
dnuighl iiindilions (King i at, 19X3). and prolonged 
droughts such as (lie 19x8-64 and J925-38 droughts 
ai Alice Springs (Griflin A Frieilel |4HS) |eM the 
longevity of die species isee e.g. Duusiiiore 1974) 
hven so. a few rabbits survive in refuges. The quality 
■ lithe refuges is deiermined by then ability to harvest 
and store walct and nutrients flowing from larger areas 
of the landscape (Morton 1490) such that run-on I torn, 
light ramlall is sullieient to stimulate some plant growth 
during die drought period (l.udwig 1987). At Witchilie. 
South Australia. Cooke (19821 noted that a sharp lall 
of hide more than Sinm oi tain might he sufficient to 
yield run-ofV which, if Concern rated along drainage 
lines, would ensure dial succulent fond in the form of 
chenopod shrubs would be available to rabbits living 
hi warrens along those drainage lines Once heavy ram 
falls <>20 min near Carnarvon, Western Austral in. 
King ii ul l u 83). rabbits begin to breed, and can 
expand from the refuges ro reccilnni.se die bulk oi ihc 
landscape. 

Heavy rainfalls Jre rare in the Australian arid /.one. 
whole years may pass without ii rainfall event 2 
12.5 mm iSlullonl Smith & Morlun 1990). Light lulls 
aiv more common, but it has been predicted (sec ab reel 
tliut the heavy lolls would become more common. anJ 
light falls soincwhal less common Hence, droughts 
ure likely to be shorter in dutation. but ihe rcluges 
which sustain the residual rahhit population during 
droughts would he a little les* reliable. With a 
coincident rise in temperature exacerbating the severe 
physiological stress ccpi-t icnccd liy rabbits under 
present summer conditions iHayward ]961). local 
extinction becomes more likely during droughts, hut. 
U'i|h decreased return times lor heavy ram. plagues 
might he expected more frequently in those areas where 
rabbits survive 

Vegetation changes consequent to the increased 
variability of precipitation niighi not lavoiu rabbits. 
Uabhils are found oi ehenopod shrublands, but tin 
majority of die teed is pioidcd by ihe short grasses 
and (orbs between the shrubs; Ihe chenopnds are eaten 
only during droughts (Hall n ul, 1964; CfnlTtil A 
IViedel 1983) Under contlirions rtf increased climatic 
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vuriahildy perennial plants would be favoured over 
eplicmertl plants (StnJ'fort) Smith A Norton 1990). so 
riibbit populations could he expected to become less 
dense unless palatable perennial grasses such a.s 
Ihtilu'ild sp replaced annual grasses and lorbs. Further 
exploration o! this sccnai m would need to tike neeounl 
of a potential southern extension o( ihe dominance of 
C 4 over C. grasses (Henderson er ill in press), the 
relative importance of Cj and C grasses In rabbits, 
and the mipliiuiions for lahfnts ol a change in ihc 
seasonal distribution of rain inwards summer ram hill 
in arid areas of South Australia 

J-htid wurily Jor Spinijh Hop/nny MoUxe 
.Vi ihiinys (ilr\i \ . the Spiiutcx Hopping Mouse, is 
widely Jisti ibtltcd through sandy area-* ol nnrdicrn 
South Australia, mainly in association with spume* 
grasses (Watts A Aslin 1481). A major component of 
its did is seed (Finluvson 1940). and Irotn the 
carbohydrate in seed it is able io deuve sufficient 
metabolic walcrto survive indefinitely: one lemale is 
known to have retired a single young without 
supplementary water (Havct slock & Watts 1975) Hence 
the regularity of seed production would influence 
survivability of /V. t ilc.\h in northern ureas of the ‘imic 
Seed produel ion may he influenced by' soil moisture, 
icmpcraiuiv. and CO : levels, and two mechanisms by 
which N. ulexig might be advantaged are explored 
Soil moisture is one of ihe most important 
climatically determined variables for grasslands 
(Pittock 1493) and hence lor species such ns ,V. ulcxis 
which depend in large nieawue on grasses (MttcVlillnn 
A Lee 1969). Walker rr ol (I9K9| anticipate that mean 
soil moisture is likely to diminish in northern South 
Australia, although ai present the reliability of 
predictions is questioned (Vinnikov 1991; Pillock 1993). 
More important lor seed production are- episodes of 
higliei soil moisture following heavier rainfalls, which 
3TC predicted (above) to become more frequent. Thus 
pulses of seed supply may become more frequent, and 
support denser populations ol ,V. ulexi.i . 

The rate of growth and ihe speed at which seed 
development occurs following rams may be 
accelerated. Imai rr ul. ( 1985 1 observed increased seed 
yield per plant for rice grown under enhanced 
greenhouse conditions. Gifford (1979. 1988) predicted 
dial wheat yields in areas with more strongly seasonal 
ruinf.nl would increase as a result ol the enhanced 
"greenhouse" effect , and that some grain growl h would 
become possible under conditions of aridity which 
currently preclude any yield. The facto i influencing 
yield was stimulation to plant growth by both increased 
CCX. and warmei temperatures. which would result in 
a shorter grow me season such dial the giain was more 
likely io he filling under a favourable soil moisture 
regime. Enhanced efficiency of water use would also 
occur vlue to partial stomatul closure (Chaves & Pereira 




1992). Thus droughts as perceived Iw .V. alctls may 
he umetioniied by (ho supply of some seed when Done 
would be otherwise be available. 

Australian arid-wine voil.s are generally infertile 
(Morton 1990 1, find nutrient limitation may courtier 
growth-stimulating mechanisms Although seed 
production may be litniicd by the availability ol 
phosphorus. nitrogen is less likely to be limiting lot 
C. plums, but u likely corollary is that the protein 
content of their seeds would he lower |see f'nnrny 
19921. N. ulcii'i would not be disadvantaged, is it is 
more likely to survive drought on low protein diets 
which obviate (he need in expend water in dispose nl 
wnslr nitrogen (MacMillan N. Pee 1969). 

I impel it ion between Clenolus species 

Many of the 70 species in the sc inc id genus Cmmus 
are. associated with spin ilex (Cogger 1992), and it is 
not unusual liar several species to be syntopie. 
suggesting line niche separation between Iheni. II 
climate influences the niche sepaialion. climate change 
may uffeel the hnlance between the species 

Ornnt/is heleruir ami C, panthciinux are two species 
occurring sympairically in ihe far north-east of South 
Auslralia: Pianka (1969) noted that they shared similar 
niches, and suggested that C. panthenmis would be 
excluded by C. hetenue but lor its reproductive 
capacity James (J99la) found a high degree of dietary 
overlap between the two species, and noted that diclary 
overlap in Qvnutus was highest during the driest period 
of Ins study. There is evidence in suggest that ihe 
separation betwocn these two species is based on ihen 
thermal responses: Piaukrt (1986) found C. puntherinus 
to have -j lower mean body temporal tine than C 
lnlentu\ and James (1991b) speculated that C. 
patithrrwHs land C. brookst) can be active at winter 
temperatures which preclude activity by ( heletuie 
(and other Qt'tWUS species), This permits C. 
pimthnwus and C braoksi to begin reproduction 
earlier than the nthei species, if activity at different 
temperatures is critical either for maintaining stable 
niche reparation or lor sustaining a mechanism of 
oscillating disequilibrium between ihe species, art 
increase tn temperature during winter may result in 
competitive exclusion <>t C. panthcrituts by C. fielenae 
in those areas where they are sympalric 

Epidemiology 

In stable ecosystems, there is generally a significant 
level of accommodation between host populations and 
diwasc-utiusing agents, particularly if they have civ 
evolved. However, transmission of infectious disease 
is a dynamic process, and in many cases is dependent 
on the capacity of the infectious agent to survive outside 
ot the host. Helminth parasites often have obligatory 
larval stages which may survive for long periods on 
the ground and Ihus be susceptible to climatic 



influences. Should the climate change, ihe 
tlc'eomodatioh between the host and the parasite nuiv 
be disturbed. 

Amongst the parasites uf livestock there are examples 
ot species whose transinissibililv is known In be 
affected by climate. The larvae of Harnmnihus 
amtonus, a gastro intestinal parasite ivf sheep, require 
mean temperatures >IS°C fur normal development, 
whereas the development of 0.\ teiiagia circumcinrla 
larvae is suppressed above I5.5°C. As both require 
moisture, the former is an OTganisin of summer rainfall 
areas, and the latter of wintei raudall areas (Suutbeoll 
el til. 1976), 

There is less known about the parasites of Australian 
narive vertebrates, and most of the published 
tnvesligatioris have been taxonomic (e g Beveridge & 
Duretie-Desset 19921. Arundel el al (1990) undertook 
one ot (he lew epidemiological studies, which 
demonstrated dial helminth parasites can cause 
considerable mortality in tasiern Grey Kangutocis, and 
concluded that development of free-living larvae is 
influenced by climate. In North America the Moose 
Ah ex ult es can exist sympairically With White-tailed 
Deer ( Idocoileus virginianus only in those areas where 
circumstances do nor favour persistence ol infective 
larvae ol the. meningeal worm Purelaphastmngxlux 
tenuis (Gilbert 1992). Hence, climate change may 
indirectly influence the distributions of terrestrial 
vertebrates through its effect on the probability of 
disease transmission. 

Mechanisms for eoping with climate change 

Possmgham (1992) recognised that ihe re are three 
means by which a species might survive climate change 
range change to track shifting climate ?oncs. 
tolerance of the change, andfor mierocvuiutiunarv 
change (examples arc presented which demonstrate 
thru tolerance in the form nl behavioural plasticity may 
counter climate change, bui tracking appeals 
implausible for many small terrestrial species 

7f>/i •ntituv 

The Red Fox ( Vidpes vulpc.s) has a complex social 
structure which can be modified to cope with 
environmental change. Zabel & Taggart (1989) have 
demonstrated an effect by the HI Nino phenomenon 
on the food supply of a population of foxes on Round 
Island, Alaska. Increased water temperatures in the 
Bering Sen were associated with widespread nesting 
failure in the seal'd rd species which comprise most of 
the summer diet of the foxes. Resorption and 
p reimplantation loss are known to occur in pregnant 
vixens ( Ryan 1976). a common cause of which ts 
nutritional stress (see Muustgaard 1969). Hence, il the 
available food was uniformly distributed amongst the 
foxes, total reptwhicrivc failure tn the fox population 
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inay well have occurred However, on Round Island, 
dietary changes to .smaller, less common, and less 
accessible seabird species were associated with changes 
in ihc social structure of the loses. Polygyny, the 
reproductive mode priot to die dietary change, was 
supplanted by monogamy. Che male's help is essential 
Ini eupUn mg and delivering prey to a dictating female 
and her litter (Kleinian 1977): thus the change m the 
social virueuue meant that assistance provided by rhe 
mule lox was Ineussed on fewer cubs at a time when 
it would have been more difficult for the males to 
procure liiod Individual reproductive success (m terms 
of cubs reared to sexual maturity) of die reduced 
Dumber of breeding lemalcs was not significantly 
affected by ihe 111 Nit in phenomenon. Hence, a 
llernpuniry) climate change which lead 10 total 
icpioduetive failure of the two seabird species num 
prominent in ihe diet of ihc foxes did not in turn lead 
lo total reproductive failure in the foxes. 

ihc basic m Long- necked tortoise I CltcU.it/ino 
/o«.if/i'r?///.v I has simpler behavioural patterns than the 
Re.l box . but still has some plasticity. It appears to 
adjust its selection of nesting sites to Lake account of 
meteorological parameters likely io affect incubation 
temperature. At Armidalc, New South Wales, the 
species digs nesting chambers in unshaded areas. Which 
increases insolation and hence egg temperature, and 
shortens incubation (Rarmcnlcr 1976). The same 
species in Rnsewonhy, South Australia, digs about ivvo- 
iliinJs of its nests in sites shaded for more than half 
of the day (Stoll 1987, 1988). Nest temperatures were 
not recorded at either site, hut mean daily temperatures 
during the incubation period are highet at Roseworthv 
(3,9°C higher in January) and cloud cover is less 
frequent (0.7 oktas less jrt January). Thompson (I9S8bl 
has ilcmon.straied that unshaded nests of Emyilttrci 
micqtwrij ut Bnrmcra, South Australia can be 2h°C 
warmer Ilian shaded nests, and attributed deaths in 
some unshaded nests lo excessive heal. Thus it is 
reasonable to speculate that C Ipitguollis. like the 
species of lostudines considered Ivy Bull et ill. (1982) 
•and Schwarzkopf & Btooks 11987). positions its nests 
relative to shade to ohtain optimum suhsuiface 
temperaiuics feu incubation. 

/ rocking 

Dorjle ct til . (1992.) dated laic Holocene vegetation 
chances at two sites in Town which correspond to a 
rale of retreat o| prairie of 300-600m per annum. 
However, the anticipated fa tc of anthropogenic climate 
change is much greater than in Ihe past (FVissirtgham 
199.7) Wiih ihc low relief of the inland plains of 
northern South Australia, mean thermal gradients arc 
slight, and a typical distance between isotherms 
corresponding to the predicted annual rate of 
temperature change of 0,03 is 2000 tti Because 
many bird species of the Australian arid wwie are 



nomadic (Wiens 19911. (racking climate change is 
physically and behaviourally possible. However, 
sedentaty species rnay have behavioural difficulties 
Few data are jvuilable on the dispersal capability ol 
small lei rest rial vertebrates, bul the longest dispersal 
movement recorded Ivy James (1991c) for any individual 
of ft ve spec ics of Cry 'ins was 605th md icao ng that 
miasMsicd dispersal is most unlikely fo be able to track 
elmuite change at the predicted rate, 

Possinghani (1993) points out that comparisons ivf 
dispersal cupabillly with die rale of climate change may 
be simplistic The comparison is useful to identify 
species which are physically incapable ol tracking 
climate, bul cannot by itself determine competence. 
There must N: subsequent stages in the process ol 
identifying species at risk, such as consideration of 
physical harriers and niter-relationships between 
species Even if Gtm>tus spp. were physically capable 
of Lrucking climate change, there is a close and 
presumably obligatory association between many 
species of Ctriintui and Triodia and Plectra i line '-pp. 
(spinifex grasses) and then' attendant termites. These 
are primarily distributed in infertile, sandy soils 
(Gractz el al 1988). which indicates that spiuilex- 
dependerit species ot Crenomx which ujc less tolerant 
ol increased teniperalurcs would be unable fo track 
climate change amiss changes in soil fertility and type. 
hot vertebrates in the north of South Austral ia. Hacking 
temperature changes means a generally southern 
extension in range (with or without a northern 
contraction, a separaie issue which would dc'pend on 
the- upper limns of tolerance), but tor C patnhtrhm 
there would be constraints because long distance 
dispersal or even local spread «>f Inntlia and 
Pletlnithne seem to require considerable lidiC (Jacobs 
1982 ). Also, these grasses would not extend into heavy 
clay soils and limestone plains, the laiiet being 
generally sooth of the present distribution of C 
panrlierimiK 

The steepness ol climatic gradients in mountainous 
areas is much greater than on plums, and thus 
altitudinal tracking of climate change is much more 
teasihlc than latitudinal tracking for small leirestnal 
vertebrates. Generally, a short climb in altitude 
corresponds to a major shill In latitude < Pet ere A; 
Darling 1985). Over a distance of about 15 km in the 
Adelaide I lilts, a SQOin increase in altitude is associated 
with a full in January mean maximum tempernltire of 
about 5°C. and a rise in mean annual rainfall of about 
600 nun. However, whilst the climate as one 
component of a species’ environment may track up a 
mountain, other components ol the environment may 
be fixed; lor example, subslraie structure and fertility 
usually change with uhilude 

To allow track mg requires the linking of areas 
managed primarily lor conservation along latitudinal 
and altitudinal gradients (Norton 1990). The review 
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or nature reserves in south-eastern New South Wales 
undertaken by Macules & Stein (Kt8f>) eonllrfned that 
a single, long, narrow', rectangular reserve aligned 
alone jn altitudinal gradient Would he the configuration 
which would most parsimoniously meet the dominant 
environmental requirements of teniperalure, rainfall. 
and substrate fur 2 b canopy tree species which occur 
in ihc legion. Mackey cl nl. (1988) note the necessity 
and argue the validity of using vegetation data as 
surrogates tor data on fauna habitat in the present 
circumstances of paucity of the preferred primary data, 
and advocate a locus on ecological gradients in oaler 
h> provide a margin of safety in assessing areas for 
conservation value However, because of the low rebel 
or much ol South Australia, only latitudinal gradients 
are possible in most areas. 

Conclusion 

The paper has locused on j number of slushes which 
have relevance to the issue of climate change On 
reviewing (be topic, it is apparent that the zoological 
base from wmieh changes may be predicted is 
imperfect Reliable information on the present 
distribution, abundance, population dynamics, and 



interspecific relationships of Australian vertebrates is 
limited (N Oi ton 1990), but there is sufltcienl 
information to indicate that climatic influences on the 
distribution of many animals operate through 
mechanisms which are subtle and as yet poorly 
understood, and sufficient information to warrant a 
conclusion that climate change ol any magnitude is 
quite likely in affect the distributions of many species 
of terrestrial vertebrates. 

Conclusions about the late of individual species are 
at present speculative. Deterministic studies such as 
ihose undertaken on kangaroo populations are less 
speculative than mechanistic studies because of the 
complexity of the means bv which elimutc influences 
the biota, but mechanistic examinations are 
complementary in that they may reveal critical aspects 
of detail not apparent to deterministic considerations 
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